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Contrast-enhanced rapid acquisition computed tomog•
raphy was employed to quantitate intracardiac shunts 
in two adult patients. Contrast medium was injected 
through a median antecubital vein and data were ac•
cumulated using the R wave-triggered flow mode. Time•
density curves from a region of interest were generated 
by a gamma variate fit method and areas under the 
curves were calculated. Comparisons of calculated left 
Until recently, computed tomography was limited in its 
application to the heart because of relatively slow scan times 
of 2 to 5 seconds resulting in an inability to achieve adequate 
temporal resolution. Rapid acquisition computed tomogra•
phy using the Cine/CT C-IOO scanner (lmatron) obtains 
multilevel images in 50 ms (up to 17 images/s) with an 
interscan delay of 8 ms (1). An R wave-triggered flow mode 
permits imaging of multiple consecutive beats at the same 
point in each cardiac cycle. Time-density curves can be 
generated from any cardiac chamber or large vessel imaged 
and analyzed to determine blood flow in a manner analogous 
to indicator-dilution methods in the cardiac invasive labo•
ratory. It is therefore possible for intracardiac shunts to be 
detected and quantitated by this method. 
Case Reports 
Case 1. A 43 year old asymptomatic man with atrial 
septal defect diagnosed previously by catheterization was 
evaluated. Abnormal findings on physical examination were 
limited to the heart, and included fixed splitting of the sec•
ond heart sound and a grade 3/6 early peaking systolic 
murmur best heard at the second and third intercostal spaces 
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to right shunts (Cases 1 and 2) with results of computed 
tomography and right to left shunt (Case 2) with cardiac 
catheterization data resulted in close agreement. This is 
the first report of quantitation of intracardiac shunts at 
the atrial level in humans by rapid acquisition computed 
tomography. 
(J Am Coli CardioI1986;7:946-8) 
at the left sternal border. The chest X-ray film revealed 
prominent pulmonary vascular markings. 
Hemodynamic measurements at cardiac catheterization 
are summarized in Table 1. Blood flows (liters/min) by the 
Fick method were: systemic, 3.5; pulmonary, 9.4; left to 
right shunt, 5.9. Pulmonary blood flow to systemic blood 
flow ratio (Qp:Qs) was 2.7: 1. Left atrial angiography sug•
gested a high atrial septal defect of the sinus venosus type. 
Contrast-enhanced Cine/CT scans in the flow mode were 
obtained in transaxial and long-axis views (2) using a 35 cc 
bolus of Renografin-76 injected through the median ante•
cubital vein at 5 cc/s with a power injector. The quality of 
the bolus was assessed by constructing a time-density curve 
from a region of interest in the superior vena cava. A smooth 
curve was generated with a time to peak contrast of 4.1 
seconds and total duration of 12 seconds. Flow mode dem•
onstrated a high atrial septal defect of the sinus venosus 
type. Analysis of time-density curves from the right ven•
tricle revealed a pulmonary to systemic flow ratio of 2.2: 1 
(Fig. 1). This ratio was calculated by the formula AIIAI - A3• 
where Al is the area under curve I and A3 is the area under 
curve 3 (3). 
Case 2. A 72 year old man was admitted for investi•
gation of an episode of unconsciousness and increasing 
breathlessness on effort for 2 weeks. Cardiac examination 
revealed a 6 cm raised jugular venous pulse. The apical 
impulse was in the sixth intercostal space midaxillary line. 
He had a normal first heart sound, fixed split second sound 
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Table 1. Hemodynamic Data at Cardiac Catheterization in Cases I and 2 
Case I Case 2 
Pressure Oxygen Content Pressure Oxygen Content 
Site (mmHg) (vol %) (mmHg) (vol %) 
SVC 12.9 14.2 
IVC 15.7 16.2 
RA a = 4, High = 17.6; mId = 16.8; a = II. Mid = 17.8 
v = 2 (2) low = 14.7 v=9(7) 
RV 2012 17.2 5217 16.6 
PA 20/6 17.3 52117 16.6 
LV 90/8 19.0 148113 18.0 
AO 100/60 19.0 148175 18.0 
a a wave; AO = aorta; IVC = inferior vena cava; LV left ventricle; PA pulmonary artery; 
RA = right atrium; RV = right ventricle; SVC = superior vena cava; v = v wave. Numbers in parentheses 
indicate mean values. 
with a soft third sound and a grade 2/6 systolic ejection 
murmur heard best at the left sternal border. He had pedal 
edema to the level of the midcalf. Chest X-ray film revealed 
an enlarged globular heart with pulmonary venous engorge•
ment. An isotope ventriculogram demonstrated a diffusely 
hypokinetic left ventricle with an ejection fraction of 37%. 
The patient underwent a Cine/CT flow study performed 
in the long-axis view. A total of 36 cc of Renografin-76 
was injected by median antecubital vein at a rate of 6 cc/s. 
This revealed a large heart with a dilated right ventricle and 
right atrium. On initial passage of contrast medium through 
the right atrium a right to left shunt was seen at the atrial 
level (Fig. 2). Time-density curves were obtained for the 
left ventricle (Fig. 3). The right to left shunt (Qs:Qp) was 
calculated as 1.4: 1 by the formula A4 + A6/ A6, where A4 
and A6 are the areas under curves 4 and 6, respectively (3). 
A time-density flow curve of the right ventricle was obtained 
Figure 1. Case I. Time-density curves from an area of interest 
in the right ventricle. Note the separation of the flow curve into a 
primary circulation curve (1) and an early reappearance curve (2). 
Flow curves are fitted by the gamma variate method. Curve 3 is 
the graphic display of curve 2 extracted from curve I. 
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(Fig. 4). The left to right shunt (Qp:Qs) was 2.3: 1 using 
the method described in Case 1. 
Hemodynamic data at cardiac catheterization are shown 
in Table 1. Blood flows (liters/min) by the Fick method 
were: systemic, 6.7; pulmonary, 6.9; effective pUlmonary, 
4.4. The left to right shunt was 2.5: 1 while the right to left 
shunt was 2.3: 1 (4). Left atrial angiography demonstrated 
an atrial septal defect. 
Discussion 
Time-density curves derived by contrast-enhanced rapid 
acquisition computed tomography to determine blood flow 
Figure 2. Case 2. Long-axis view through the atria and ventricles. 
A bolus of contrast in the right atrium is starting to enter the right 
ventricle (long straight arrows). Contrast is also seen in the left 
atrium <short arrow). The interatrial septum can be seen as a dark 
band (curved arrow). LA = left atrium; RA = right atrium; RV 
= right ventricle. 
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Figure 3. Case 2. Time-density curves from an area of interest 
in the left ventricle. Note the separation of the curve into an early 
appearance curve (4) and the primary circulation curve (5), indi•
cating right to left shunt. Flow curves are fitted by the gamma 
variate method. Curve 6 is the graphic display of curve 5 extracted 
from curve 4. 
have been validated in dogs (5). A gamma variate method 
is fitted to an observed data curve by a weighted least squares 
technique (6). By determining the area under the curve, 
cardiac output may be computed utilizing the standard meth•
ods defined by the indicator-dilution technique (7). Gamma 
variate analysis can also be applied to time-density curves 
obtained from patients with an intracardiac shunt. By plac•
ing a region of interest cursor within a chamber distal to 
the site of the shunt, a bimodal time-density curve is derived. 
From these time-density curves left to right and right to left 
shunts at the atrial level can be quantitated. Sampling in the 
chamber receiving shunted blood should be avoided where 
possible, because incomplete mixing within the region of 
interest may give false contrast density curves and therefore 
an incorrect value for pulmonary to systemic flow ratio. In 
the two cases presented, the optimal chamber for calculating 
the time density curves was the ventricle. 
The two cases presented represent the first report of quan•
titation of intracardiac shunts in humans at the atrial level 
using rapid acquisition computed tomography. Further stud•
ies will be required to establish a consistent correlation 
between data obtained by this method and cardiac cathe-
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Figure 4. Case 2. Time-density curves from a region of interest 
in the right ventricle. Note separation of the flow curve into a 
primary circulation curve 0) and early reappearance curve (2), 
indicating left to right shunt. Flow curves are fitted by the gamma 
variate method. Curve 3 is the graphic display of curve 2 extracted 
from curve 1. 
terization findings. However, once the sensitivity and re•
liability of shunt quantitation are established, the need for 
cardiac catheterization before surgery may be reduced or in 
many cases eliminated. 
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